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Comparison of needed end-tidal concentration of
sevoflurane in children with balanced intravenous
intraoperative analgesia versus epidural caudal
intraoperative analgesia: prospective randomized trial
Abstract
Background and Purpose: It was already shown that neuroaxial anaes-
thesia has sedative effects. The scope of our study was to find out whether the
combined caudal epidural block with 0.19% bupivacaine decreases the
sevoflurane requirement because of its synergistic hypnotic effect in com-
parison to balanced anaesthesia with intravenous alfentanil and sevoflurane
in children.
Materials and Methods: Forty boys aged 1–7 years were included in the
study; they were undergoing elective orchidopexy. Children were random-
ized in two groups: A (caudal block) and B (IV analgesia with opioid).
Each child in group A received a caudal epidural block in a dosage of 0.19%
bupivacaine 2.5 mg/kg. In group B the loading dose of alfentanil was 20
mg/kg, followed by intermittent doses of 10–20 mg/kg. Anaesthesia hypnosis
was controlled by the clinical parameters and by the Bispectral Index moni-
tor (BIS). We measured end-tidal sevoflurane concentration (sevoE) at
5-minute intervals. The aim was to maintain the BIS values near 50
through increments or decrements in sevoflurane concentration.
Results and Conclusion: No difference in end-tidal sevoflurane concen-
tration (sevoE) values was observed between the two groups. We do suppose
that due to the low level of caudal block we could not confirm synergism be-
tween caudal epidural block with local anaesthetic and sevoflurane.
INTRODUCTION
For more than 20 years it has been common practice to combineepidural analgesia with general inhalational anaesthesia in chil-
dren, whenever the patient’s conditions and surgical procedure as well
as anaesthetist’s skills are suitable for epidural blocks or a continuous
infusion of local anaesthetic. Local anesthetics applied on nerve cause a
reversible but complete block of pain transmission, and the deaffe-
rentation has been developed at the neuroaxial use (1, 2). This could re-
duce the inhalation anaesthetics requirement, needed to suppress so-
matic movements in response to surgery, as well as the cardiovascular
response to painful surgical stimulations. Some authors demonstrated
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The anaesthesia hypnosis has to be deep enough to pre-
vent pharyngeal and laryngeal reflexes caused by the in-
serted laryngeal mask (or endotracheal tube) and to pre-
vent awareness throughout the surgical procedure (7, 8,
9).
The aim of our study was to determine if epidural
caudal bupivacaine decreases the sevoflurane require-
ment in comparison to balanced anaesthesia using sevo-
flurane and alfentanil. Adequate anaesthesia hypnosis was
measured by the BIS and by the clinical parameters.
PATIENTS AND METHODS
This parallel randomized study was approved by the
local ethics committee, and informed consent in writing
was obtained from children’s parents from 1–7 years of
age and up to 20 kg in body weight. The children in-
cluded in the study were rated in American Society of
Anaesthesiologists (ASA) physical status I, and were un-
dergoing elective orchidopexy. Children were random-
ized in two groups, planning 20 children in each group:
A (caudal block) and B (IV analgesia with opioid). We
processed a simple randomization with paper sheets
numbered from 1 to 40, and put them in a box. Patients
with even numbers were allocated into group A, and
those with odd numbers into group B. The sheets were
put in custody of the matron in the Pediatric Department
and subsequently used for the scheduled purposes.
The exclusion criteria have been applied to children
with known allergies and/or local skin lesions or infec-
tion in the sacrococcygeal area. We also explained ver-
bally all procedures to the parents in the presence of their
child (10, 11). Elective orchidopexy procedures were per-
formed at the Children Surgery Department of the Uni-
versity Medical Centre Ljubljana. The same team car-
ried our surgical operations as well as anaesthesia.
All boys were premedicated orally with midazolam in
a dosage of 0.4 mg/kg body weight. Before the induction
of anaesthesia, ECG electrodes, a cuff for noninvasive
blood pressure, and a sensor for pulse oximetry were ap-
plied. Inhalation induction of anaesthesia with sevoflu-
rane via facial mask, connected to the breathing system of
the »Cato« respirator Draeger, was performed with sevo-
flurane in 50% oxygen/N2O gas mixtures. Sevoflurane
was increased gradually to 7% by using the step by step
method.
After loss of consciousness, IV access was obtained,
the laryngeal mask airway (LMA ClassicTM Laryngeal
Mask Company Limited, Seychelles) was inserted and
the sevoflurane concentration was decreased to 4% in
group A and to 2% in group B; after LM insertion,
frontotemporal children’s BIS Quattro electrodes (As-
pect Medical System A-2000TM, Newton, USA) were ap-
plied, according to the written instructions for the proce-
dure, and connected to the BISTM monitor (XP Aspect
Medical System, Newton, MA, USA) with integrated
software for children. Manual ventilation was performed
at higher concentrations of sevoflurane in induction, as
well as after the LMA insertion. Each child in group A
received on its left side position a caudal epidural block
in a dose of 2.5 mg/kg as diluted concentration of 0.19%
of bupivacaine; after the blocade the sevoflurane con-
centration was decreased to 2%. Surgical incision star-
ted 15 minutes after the caudal blockade, and analgesia
was checked via puncture with an intradermal needle at
the Th 12 level. In the group B the loading dose of
alfentanil was 20 mg/kg (3–5 minutes before surgical
skin incision) followed by intermittent doses of 10–20
mg/kg, as needed, regarding all clinical parameters that
we measured. In both groups, anaesthesia was main-
tained with a mixture of 50% oxygen/N2O and sevo-
flurane. All children received an infusion of 0.9% saline
solution (3 mL/kg/h).
The following values were measured continuously in
5-minute intervals: heart rate, systolic-, diastolic- and
mean arterial pressure; pulsoxymetrie (Draeger oxyme-
ter), end-tidal carbondioxyde (Draeger Capnograph), as
well as concentration of inhalation anaesthetic (Draeger
gas detectors) were performed. In 5-minute intervals we
also monitored BIS values, and for calculation purposes
of statistical values we considered the highest and the
lowest value per interval. We tried to maintain the BIS
values near 50 through increments or decrements (up
and down method) in sevoflurane concentration.
For the expected effect size in sevoE q=–0.5 with 80%
power of the test and significance level of a=0.05 16 pa-
tients per group are required with the assumption that
the data will be approximately normally distributed with
standard deviation (SD) of s=0.5. We included 20 pa-
tients per each group (n=20).
Values are expressed as the mean ± SD or as mediana
with interquartile range.
With exploratory data analysis we used graphical plots
and Shapiro-Wilk test to confirm normal distribution.
Continuous variables were compared using Student
t-test for normally distributed variables and the Mann-
-Withney test for non-normally distributed variables.
Ten intervals were used to bridge the differences be-
tween time length for each operation (Di, 1.10).
To determine the effect of the sevoE on one subject
and compared to among all subjects, we used Repeated
Measures Analysis of Variance, using the Greenhouse-
-Geisser correction.
Pearson test was used to determine correlation be-
tween sevoE and age and BISmax.
p values 0.05 were considered to indicate statistical
significance.
All analyses were compared using SPSS 14.0.
RESULTS
The groups were well balanced for age, body weight,
time of operation procedures (Table 1). In group A there
were 16 children of 1 to 3 years of age, and in group B 13.
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Mean (SD) of concentration of end-tidal sevoflurane
was 2.2 ± 0.5 in the caudal block group; and 2.3 ± 0.5 in
the intravenous opioid analgesia group (p=0.7).
In both groups we found a statistically significant neg-
ative correlation between end-tidal sevoflurane concen-
trations and age of children (p<0.001).
We found no significant correlation between end-tidal
sevoflurane concentration and the highest values of BIS,
nor with sevoE and heart rate.
In group A, contrary to group B, we found a statisti-
cally significant negative correlation between end-tidal
sevoflurane concentration and mean arterial blood pres-
sure (MAP) (p=0.02).
We found a negative correlation between BIS values
and the age of the children, statistically significant only
in group A; higher BIS values of younger children with
higher sevoE concentration.
DISCUSSION
In this trial we could not prove that, in the observed
time, the local anaesthetic given epidurally in the caudal
space in boys that were undergoing elective orchidopexy
had anaesthesial synergistic hypnotic effect.
Concentrations of sevoflurane in combination with
caudal analgesia in group A compared to balanced ana-
esthesia (sevoflurane and alfentanil) in group B, consid-
ering the required adequate depth of anaesthesia con-
trolled with usual clinical signs and measured by the BIS
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Figure 1. Estimated means for End tidal concentration of sevo-
flurane in each time interval: groups A and B. Sevo E values were
significantly different within subject during time interval in both
groups (F(3.299, 342)=7.67, p<0.001) while we did not find signifi-
cant changes between subjects (F(1, 38)=0.801, p=0.376).
TABLE 1
Patient characteristics, time of operation, end-tidal sevoflurane concentration (sevoe), heart rate (hr), mean arterial pressure
(map), bis min and bis max.
Group A (n=20) Group B (n=20) P
age (months) 23 (17–36) 31 (21–44) 0.176
Body weight (kg) 14 ± 3 15 ± 3 0.36
Time of operation (min) 55 ± 19 51 ± 18 0.415
sevoE (% vol.) 2.2 ± 0.5 2.3 ± 0.5 0.694
HR (beats/min) 114 ± 16 125 ± 17 0.047
MAP (mmHg) 59 (55–64) 67 (63–71) 0.003
BIS min 49 ± 5 47 ± 6 0.251
BISmax 56 ± 5 54 ± 5 0.260
n = number of patients, Values of variables are shown as average ± SD or the median (interquartile range), Probability level of
<0.05 was considered as significant
TABLE 2
Correlation of end-tidal sevoflurane concentration (se-
voe) considering age of children, with bis max, mean ar-
terial pressure (map) and heart rate (hr) in groups a and
b, and correlation of bis (minimal and maximal values)
with age.











































Correlations are expressed with Pearson test r (r), with corre-
sponding probability (p).
monitor, were not statistically significantly lower (Table
1), despite the fact that Figure 1 shows that the mean val-
ues of the end-tidal concentration of sevoflurane at each
time interval for groups A and B were higher in all time
intervals in group B.
Based on the studies which proved a sedative effect of
local anaesthetic given epidurally, we however expected a
statistically significant lower concentration of sevoflu-
rane with the epidural caudal block (2, 3, 6).
Local anaesthetic given epidurally blocks somatic af-
ferent impulses and should decrease the neuron firing
rate in the pontine reticular system. This could lower the
level of consciousness and consequently decrease the
need for general anaesthetics (2–4). Local anaesthetic gi-
ven epidurally diffuses in cerebrospinal fluid (CSF), and
because of its pulsation it is spread throughout cerebro-
spinal fluid compartments in both directions. Some au-
thors raise the issue as to whether subanaesthetic concen-
trations of local anaesthetic could influence the electrical
activity of higher neural centers and thereby decrease the
measured BIS values (2).
Vladic et al. studied the inulin distribution between
various CSF compartments after its injection into the
cisterna magna or lateral ventricle in dogs. After some
hours the concentration of inulin increased in lumbar
subarachnoid space (12). This study raised a question
how much time local anaesthetic needs to reach higher
level of central nervous system after neuroaxial adminis-
tration. In 1998 Gentili et al. proved that high spinal
block had a synergistic effect on sedation highly depend-
ent on the level of application of local anaesthetic (5, 13).
Reinoso-Barbero study which included twenty six chil-
dren from 2–15 years of age found out lower concentra-
tions of sevoflurane due to a synergistic effect of the local
anaesthetic given epidurally in terms of anaesthetic hyp-
nosis which was also controlled by BIS (3).
The use of BIS monitor has been reported to have de-
creased the incidence of anaesthesia awareness. Aware-
ness during anesthesia is namely a serious complication
with potential long-term psychological consequences (8, 9).
BIS monitor translates electroencephalographic data
from forehead electrodes into a nominal scale of 0 (flat
line EEG) to 100 (awake). BIS values from 40 to 60 are
considered being in the range of anaesthetic hypnotic
state. To prevent wakefulness in children, Davidson sug-
gested that the BIS should be maintained even below 50
(14). Most authors agree that BIS monitor is a useful tool
in modern anaesthesiology for maintaining anaesthesia
individually, with regard to age, sex, body weight and the
complete health status of a patient, as well as the tech-
nique of anaesthesia applied (15–17). Notwithstanding
the above, some authors doubt about validity of BIS mea-
surement anaesthesia hypnosis especially not only in chil-
dren but also in adult population (18–23). As brain mat-
uration and synapse formation continues after birth up
to 5 years of age, the validity of BIS monitor in children is
therefore questionable (18–20). According to some au-
thors, BIS monitor is helpful in pediatric anaesthesia (14,
18, 24) but would probably need to be adapted to individ-
ual patient’s age.
In our study, the correlation between the end-tidal
sevoflurane concentration (sevoE) and age of children in
both groups showed that this correlation is negative and sta-
tistically significant for both groups (group A r=–0.444,
p<0.001; and group B r=–0.293, p<0.001) as it had
been expected (Table 2).
Heart rate and blood pressure are two important clini-
cal parameters of antinociception during anaesthesia. In
our study, mean values of heart rate and blood pressure
were for all time intervals statistically lower in the group
with the caudal block (group A) compared to the group
with intravenous analgesic (group B) (p=0.047; p=0.003),
but seven children in group B got atropine after al-
fentanil and no child in group A (Table 1). We found a
statistically significant negative correlation between the
concentration of the end-tidal sevoflurane concentration
(sevoE) and mean arterial blood pressure in group A
(p=0.022) (Table 2). Regarding blood pressure and heart
rate and immobility of children (movement), we could
lower the concentration of inhaled sevoflurane, but the
BIS values showed a tendency to go upwards, indicating
a shift from a level of anaesthesia to a level of sedation, or
possibly even a level of awareness (14). Literature and
clinical observations already showed that blood pressure
and heart rate are not reliable parameters of the hypnotic
state during anaesthesia (25). Immobility without the
use of muscle relaxants during surgery as it was the case
in our study is a useful clinical parameter of adequate
depth of anaesthesia (26).
After applying the pediatric BIS electrodes and after
the blocade respectively, we decreased the sevoflurane
concentration with the aim of reaching BIS in the range
of 40–60, while maintaining the clinical parameters of
the depth of anaesthesia. Regulation of BIS values was
difficult because of their highly volatile oscillations. After
reducing the concentration of sevoflurane, BIS values in
some children stayed very low and then suddenly ele-
vated. The oscillation of BIS, measured at 5-minute in-
tervals – with changes observed from 26–60, would show
that the level of anaesthesia hypnosis changed instantly
from deep stage to the upper limit of anaesthetic hypno-
sis. High oscillations also appeared in the phase of ab-
sence of surgical intervention and with the same concen-
trations of sevoflurane (while we were waiting for the
surgeon). The highest oscillations were observed in the
younger children. We also observed paradoxical oscilla-
tions of BIS from 70–45 with very low end-tidal concen-
tration of sevoflurane (sevoE 0, 5–0,2%) in the phase of
awakening. These observations are similar to the obser-
vations of other investigators whose opinion about valid-
ity of the use of BIS monitor as a measurement of the
level of anaesthesia hypnosis in children even up to five
years of age is limited (18, 19, 27).
As proportions of size of the heads in children of dif-
ferent age can be important, perhaps there should be
more different sizes of pediatric electrodes.
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Probably we could not confirm synergism between
the local anaesthetic and sevoflurane because of the low
level of caudal block. As oscillations of BIS values were
observed in both groups, we believe that they are not de-
cisive for the results.
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